A gravity survey was conducted in and around the Nagamachi-Rifu Fault. The density for both terrain and Bouguer corrections was chosen to be 2,300 kg/m 3 , because volcanic rocks are dominant over the whole measurement area and the surface layer density is estimated to be low from geological considerations. The Bouguer anomalies are characterized by a low anomaly similar to those of a caldera and the basement structure inferred from two and three-dimensional analysis shows that the depth is often more than 1 km in the caldera region and that there is a circular structure. The gradient of basement is steepest at the southern margin, and it resembles to rim of funnel-shaped caldera.
Introduction
A gravity survey was carried out in the vicinity of the Nagamachi-Rifu Fault, which is located in Miyagi Prefecture, northeastern Japan. The total number of measurement points was about 670, and about 410 stations were at seismic survey points. The location and altitude were obtained from differential GPS with an accuracy of 1 m or several tencentimeter. These data were compiled together with about 6,700 existing data points to produce a gravity map. In this area there are some topographic depression structures resembling a caldera in the western part and the eastern part is flat, however, the underground structure, such as the thickness of the sedimentary layers or location of the active fault are not known. To investigate the underground structure this gravity survey was carried out in June and July 2001 and a seismic reflection survey was made at the same time (Ikawa et al., 2001) .
Gravity Survey Details
Gravity meters used in this survey were LaCoste & Romberg G-type (G-304 and G-579) and ZLS Burris (B-001), which have been used for nation-wide gravity surveys. The gravity meters were calibrated using the Mt. Tsukuba Calibration Line. The position and altitude of the gravity stations were obtained using a Magellan differential GPS system. In addition, a TOMMEN barometric altimeter was used for real time checking of height. The position and altitude were determined with an accuracy of within 1 m, or several centimeters at best, relative to a base station in the Japanese Gravity Standardization Net 1975 (JGSN75), which was established in Tohoku University by the Geographical Survey Institute (1976) . A loop-closing method was used to enable corrections for gravity meter drift. The gravity base station was also established at the same site as that of GPS base station.
Data Processing of the Measured Gravity Data
All measured gravity data were referred to the International Gravity Standardization Net 1971 (IGSN71) (for example, Woollad, 1979) and normal gravity values were calculated according to the Geodetic Reference System 1980 (GRS80). Bouguer corrections were made in a circular region within a radius of 60 km in arc-distance using a spherical cap crust formula. Terrain corrections were also made for the same region by approximating the real topography to an assemblage of annular prisms derived from the elevation data of DEM (two kinds of digital elevation models: KS-110 (250 m mesh) and 50 m DEM by Geographical Survey Institute) and the gravity stations (Komazawa, 1988) . The effect of the Earth's curvature was taken into consideration.
Bouguer Gravity Anomalies
The density for both the terrain and the Bouguer corrections was taken to be 2,300 kg/m 3 (2.3 g/cm 3 ), because sedimentary and volcanic rocks and pyroclastic flows are distributed over the survey area, and the surface layer density is estimated to be about 2,300 kg/m 3 from experience. Bouguer anomaly maps with an assumed density of 2,300 kg/m 3 were drawn ( Figs. 1 and 2 ) from the grid data and were obtained by interpolation using two-dimensional quadratic polynomials with distance-dependent weights, which are defined so as to fit the local surface. The two-dimensional curved surface thus obtained is continuous to both first and second derivatives in both the x and y directions, and is visually smooth. A regional gravity anomaly map of the whole survey area is shown in Fig. 1 , and a map of the central part containing a caldera-like structure is shown in Fig. 2 . A feature of these Bouguer anomaly maps is the low anomaly values, which suggest that the thickness of the sedimentary layer is more than 1 km. The feature of Bouguer anomaly map corresponds to the geologic setting (Geological Survey of Japan, 1987), for example, that a dike structure within caldera shows clearly a high anomaly. But, the active fault, the Nagamachi-Rifu Fault, derived from the geologic consideration was not clear from the gravity anomalies.
Basement Structure Inferred from Two and Three-Dimensional Analysis
The two and three-dimensional analysis is based on the method by Komazawa (1995) . Two-dimensional analyses was made on one profile (line A-B in Fig. 2) , which corresponds to the NE-SW seismic reflection profiles (Ikawa et al., 2001) , and the result is shown in Fig. 3 . In this case, only an automatic analysis of a homogeneous model of two layers was made, without any geological constraints. It was assumed that the two layers were the basement bedrock and the sedimentary layer, and the density contrast between these two layers was 400 kg/m 3 . The analysis shows that the maximum thickness of the sedimentary layer is about 1 km at the central area of low anomaly, a result similar to that of the seismic reflection survey (Ikawa et al., 2001 ). However, undulations of the basement might also result from near-surface density changes associated with shallow geological bodies such as volcanic units within the sediments (for example, Hunt, 1992) . The small local gravity "low" at about 7 km along the profile line A-B is interpreted to generate a 500 m depression of the basement. The basement uplifts at 14 and 18 km are also likely to have similar alternative explanations.
An alternative (and probably more likely) explanation for the small local gravity "high" is that there is a dense volcanic mass (such as a resurgent dome, dike or post-caldera formation volcano) buried at shallow depth within the caldera, but which does not outcrop at the surface. Therefore, a multilayered modeling was conducted by taking the thickness of the low-density sediments, dense dikes and the empirical knowledge of volcanic geology into consideration, and the result is shown in Fig. 4 . It is estimated that the bedrock (2.7) is granitic rocks and the buried high density rocks (2.5) is an assemblage of dikes related to extrusion sites of lava or metamorphic rocks, and that the low density of near-surface density is lake deposits or pyroclastic flows.
A three-dimensional gravity basement map was derived from the residuals of Bouguer anomalies, and the result is shown in Fig. 5 . The residuals of Bouguer anomalies were obtained by a band-pass filter designed with two upwardcontinuation filters. Two parameters of this filtering method, upward-continuation heights, were 50 m and 2 km, respectively. The parameter 50 m was adopted to remove the gravity effects of shallow inhomogeneous volcanic deposits within the sediments, whereas 2 km was adopted to remove the regional trend deeper than several kilometers from Bouguer anomalies. The basement depth was adjusted to match the ground surface in mountainous areas and the density contrast was assumed to be 400 kg/m 3 . The basement map shows that the depth is often more than 1 km in the caldera region and that there is a circular structure in the basement. In this structure, the gradient of basement is steepest at the southern margin, and it resembles to rim of funnel-shaped caldera. The uplifted basement, extending from east and west in the southwest part of the caldera, corresponds to the high-density intrusion rocks.
Conclusions
A low anomaly with steep gradients, compared to those of thick sediment was found in the western area near the Nagamachi-Rifu Fault. However, the active fault derived from the geologic considerations was not clear from the gravity anomalies. A map of the gravity basement, derived from gravity data, shows that the basement depth is often more than 1 km in the caldera region, and the gradient of a circular structure is found and is interpreted to be the caldera rim. In order to obtain a better understanding of the subsurface structure, it is necessary to incorporate other geophysical and geological constraints such as seismic survey data, and information from drill holes.
